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ABSTRACT

Ambient noise was measured in four deep basins of the Mediterranean
Sea for three consecutive days at each station during June of 1968. Sono=-
buoys with hydrophones suspended at a depth of 95 ft were used to
collect and transmit the data to a quiet ship several miles distant. Eight
frequencies in 1/2-octave bands wer : used in the range from 16 to 800 Hz.
Levels in these bands were read at 10~min intervals, sight averaged
over this time, and are presented as distribution functions and average
values for each station along with wind information, Environmental data

such as velocity and temperature prcfiles, depth imeasurements and traffic

observations are reported,
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INTRODUCTION

Many measurements of ambient noise have been performed in the
open ocean, harbors and lakes, in deep as well as shallow water and

1,2

have been summarized extensively. However, while many characteristics
of the Mediterranean Sea, such as sound propagation, temperature, velocity,
salinity and bottom structure have been studied and most recently been
summarized by C. C. Leroy, 3 only one previous short series of measure-
ments of ambient noise has been performed in the Tyrrhenian basin off
the west coast of Italy during four dives of the Bathyscaph Trieste, 4 These
data are necessarily limited, since the longest dive was of 9 hours dura-
tion and the data were taken at varying depth. The results for that particular
basin are in general agreement with our findings.

The Mediterranean Sea is composed of many distinct geologic areas
including five deep basins, an exteﬁsive slope area, and the shallow
broken area of the Agean Sea. Previous propagation information shows the
best propagation to be by refraction surface-reflection paths which
occur in the deep basins. On this basis, as weil as the available ship time,
a compromise of the number of stations and time on station led to a
choice of four staticns, each of three days duration (Fig. 1). The location
and duration of each station are summarized in Table I.

At each station, a soncbuoy was launched, the ship moved off
several miles, went to quiet ship conditions, and the recordings commenced.
Because of the winds and currents, the ship and sonobuoys drifted from
the original stations. Plots of the dead. reckoning locations are given in

Figs. 2-6. The numbers in the bracket indicate the depth in fathoms.
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EQUIPMENT

Calibrated sonobuoys AN/SSQ -48(XN-2) and receivers ARR~52 were
provided by the Navy. The sonobuoys are composed of a weight, hydro-
phone, and preamplifier which are suspended 95 ft below a surfaze buoy
(block diagram is given in Fig. 7). Shock cord is used for the suspension
to reduce the effects of surface motion, In the audio amplifier, the
electrical signals are given a rising response of 4 dB/octave from 10 Hz
to 5kHz (Fig. 10),to compensate approximately for the decrease in ambient
noise level with frequency. The signals frequency-modulate z crystal-
controlled transmitter. The sonobuoy calibration specifies that a scund
pressure field of 2ub at 440 Hz will result in a 19 kHz frequency deviation
of the carrier. The solid dots on this figure give the calibration for a
particular sonobuoy,

The FM signals were received with a steerable Yagi antenna of
12 dB gain (F'ig, 8). A radio frequency amplifier was used at times to
extend the receiving range. A power splitter isolated the receivers.

The radio receiver has four channels, each switchable to any one of the
16 sonobuoy frequencies, The '""High Audio" output provides an output

of 16 Vrms for a frequency deviation of 75 kHz over a bandwidth from

10 Hz to3 kHz. Therefore, the sonobuoy + receiver combination calibra-

tion is

19 ke deviation
2pb = =k X 16 Vrms

c deviation

or,

1 ub corresnonds to 2.03 volts at 440 Hz.

-2-

CONFIDENTIAL

TR SRSt B ISR TN




CONFIDENTIA .

From Fig. 10, the sensitivity for each of the frequencies used

. was read.

The audio signals were then filtered, amplified, and recorded by

a logarithmic level recorder (Fig. 9). The system was calibrated by

using an oscillator signal at the center frequency of the filters. Noise

pressure spectral levels were computed as follows,

Let » = noise pressure spectral level in a 1 Hz band in pb/m
B = bandwidth of system or filter in Hz
H = sonocbuoy + receiver sensitivity
= 2.03 volts/ub at 440 Hz
dn = deflection for ambient noise in dB
d, = deflection for calibration signal in dB
e, = calibration voltage in volts.
Then, since the noise in adjacent frequency bands is assumed to be
independent,

2
2 _ 1 dnec
P =B Hd_ .

Table II gives the factor 10 log B + 10 log HZ for an assumed
white noise cf 1 p.b/Hzl/z.

Over-all system errors atre apprcximately +1 to 2 dB based on the
sonobuoy and the recording system calibrations, At low frequencies, some
self-noise is present due to motion induced in the hydrophone by surface
wave action. This motion is heard as creaking and gurgling sounds which

occur at intervals of severzl seconds. We have minimized these effects
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ty reading the minima of the noise levels recorded in the two lowest
frequency bands. The analysis of the self noise of the sonobuoys is

a difficult task and beyond the scope of this report.

ESULTS

For each station, temperature profiles, sound velocity profilé,
wind speed frequency distribution, and ambient noise frequency distri-
butions are given,

At each station, the 1500 ft temperature profiles were taken
twice daily. The envelope of these results is shown. Usually, the
temperature decreases rapidly with depth to a deoth of 70 to 100 ft, and
then decreases more slowly. At times, slight inversion layers were
observed.

Velocimeter casts were taken from the surface to about 2000 ft
above the bottom. The rapid decrease in sound velocity with depth corre-
sponds to the rapid decrease in temperature with depth, Below 2590 it, ‘
the sound velocity increases uniformly with depth with a gradient of about |
0.0175 sec—l. These results correspond well to those reported previously. 3

During the experiment, seas were calm, typical of the Mediterranean
in June, with average wind speeds of about 5 knots, except for Station 4
where the average wind was about 10 knots, with a range from 0 to 23 knots.

Frequency distributions are given for the ambient noise spectrum
levels for each of the filters used to demonstrate the variability of the

ambient noise. The ambient noise was recorded using 1/2-octave filters
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with center frequencies of 16, 32, 63, 90, 180, 250, 360, and 800 Hz. No
800 Hz data were obtained for Station 2, and relatively short samples for
Stations 1 and 3A. At distances greater than 2 n.m. our own ship noise
could not be detected while under quiet ship conditions. Measurements
were taken under silent ship conditions but since no differences in noise
levels were detected, the remaining measurements were taken under quiet
ship conditions.

Stations 1 and 4 were comparatively quiet, the ambient noise levels
at the higher frequenci:s comparing well with oceanic ambient noise

levels. At Station 2, animal noises were particularly loud and continuous,
consisting of snapping noises, hammering noises, dolphin and whale-like

noises, and a random sonar-like signzl at about 5 kHz. These noises
were so loud and continuous that an additional sonobuoy was installed to
determine whether the first was working; and for a further check, another
hydrophone was suspended from the ship. Such animal noises were inter-
mittent at the other stations.

At Station 2, ambient noise data were taken at 300-ft depth by
splicing additional cable between the hydrophone and the surface buoy.
The noise levels in this case were estimated to be about the same as at
the 95-ft depth. The actual measurements showed the levels to be slightly
less at the 300-ft depth, corresponding to the lower wind speeds at that
time and not to any depth effect. -

At Station 3, naval and shipping activities were particularly heavy
so the station was moved to position 3B, about 30 n.m, south, The

ambient noise did not change noticeably.
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The last set of figures compares the average ambient noise results
with those measured over one year in the Atlantic Ocean near Bermuda
using a hydrophone located near the axis of the deep sound channel. The
hydrophone used was an omnidirectional hydrophone of the Artemis Array.
At 360 and 800 Hz, at Stations 1 and 4, the levels compare well with the
Artemis results, From the ambient noise studies made at that time, and
on the basis of many other observations, ambient noise at the higher
frequencies is known to be due mainly to local surface effects so this result
is expected. At the lower frequencies, the ambient noise ievel is much
higher; at Station 1 about 3 to 4 dB higher; at Station 2 about 10 to 11 dB
higher (heavy animal noise); at Station 3 about 15 to 16 dB higher due to
naval exercises and shipping traffic headed for the Straits of Messina;
and, at Station 4, about 5 to 6 dB higher. Table IIl gives the average
ambient noise levels, wind speeds, and length of data-taking for each
station and 95-ft depth, Table IV summarizes the 300-ft data at Station 2.

Low-frequency noise in the oceans has been shown to be due to

shipping1 15,6

and was expected to be important for these measurements
when the experiment was first planned, Naturally, the actual extent of
the shipping, the source levels of the smaller ships, and the complex
effect of the propagation were not known, =0 arrangements were made with
the Sixth Fleet, via ONR, for a shipping survey to be made daily while

the Gibbs was on station. This information will be reported separately.

The importance of shipping as a contributor to the ambient noise is self-

evident, for the shipping noise adds incoherently; that is, a 10 dB increase
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in noise is due to a ten-fold increase in shipping activity. Since the deep
basins of the Mediterranean are small compared to the Atlantic Ocean,
this means that many more ships at relatively close ranges will be pre-
sent at all times,

Ambient noise levels in the Mediterranean Sea differ markedly from
the Atlantic Ocean and indeed, from basin to basin., The principal differ-
ences are at the low frequencies, from 16 to 90 Hz, dne to the higher
density of shipping and animals. At the higher frequencies, 360 and 800 He,
the ambient noise approximates the deep ocean results, since this noise
is due to local surface action,

Future experimental procedures should include some auxiliary
method of surveillance as ship-borne radar has insufficient range (about
17 n.m. ) to monitor shipping. Widely spaced sonobuoy channels are also
desirable since radio interference was observed on sonobgoy.channels,
mainly 3 through 8, from mobile stations, telephone relays, and broadcast
stationas., The language used was Italian, and the interference was present
at times at Stations 1 and 2 and most of the time at Station 3. No inter-

ference was detected at Station 4,
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Table 1V

Ambient Noise at 300 ft Depth

Station 2 ‘
Frequency No. of Average
(Hz) hours Level {db)
16 8.5 -13.1
32 ~10.4
63 -11.8
90 -15.4
180 -23.8
250 -32.2
360 -35.6
Average Windspeed i
(Knots) 1 2.2K !
|
~11-
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Figure 2, Drift at Sta.tion 1.
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Figure 7, Block diagram of sonobuoy AN/SSQ-48(XN-2).
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Figure 8. Receiving system.
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NOTE: 1/2 OCTAVE FILTERS, CENTER FREQUENCIES OF I8, 32, 63,
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Figure 9, Ambient noise level recording eystem,
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Figure 12. Sound velocity from velocimeter casts for Station 1.
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TO: Distribution List

UBJECT: Erratum to Hudzon Laboratories of Columbiz University
Technical Repart No. 152, 'Ambient Noisc in the
Mediterrancan Ses, " by Elizabeth M, Arase and T, Arase,
July 23, 19u8, CONFIDENTIAL., CU-180-¢t8-ONR-20¢-
Pliys.
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ITS USE AND DISCLOSURE.
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